Introduction
Most dyes are synthetic chemical compounds that are harmful to ecosystems and water sources and have carcinogenic and mutagenic influences on humans (Deniz 2013 (Sleiman et al. 2007 ) have been used to remove dyes from colored water. Among these techniques, adsorption is considered as one of the best available technologies due to its effectiveness, operational simplicity, low cost and low energy requirements (Karayünlü and Boz 2016, Annadurai et al. 2001 ).
Many present studies focused their efforts on developing novel alternative biosorbents with high adsorptive capacity and low cost. Seashell materials in different forms are inexpensive and freely available on sea coasts worldwide. They are also found from seafood processing wastes. The use of these seashells as sorbents transforms a potential waste material into a useful resource. Acid treatment, thermal processing, and organic chemicals are some pretreatment processes which can be used to significantly increase the biosorption capacity of shells. However, all these processes produce secondary contamination. There are some studies found in literature which use biogenic shell powder for removal process. Pyrolyzed outer shell of Horseshoe Crab (Limulus polyphemus) was used as an adsorbent for azinphosmethyl. Scientist stated that pyrolyzed shells were highly efficient for the removal of azinphosmethyl (Gulen et al. 2005) . Malachite green adsorption was studied on bivalve shells which were treated with Zea mays L. (maize) husk leaves by Jalil et al. (2012) . For the treatment of an anionic dye, Brilliant Red HE-3B reactive dye from aqueous media Suteu et al. (2011) was used Rapana venosa gastropods shells as biosorbents. Influence of initial solution pH, adsorbent dose, dye concentration, temperature, and contact time on the adsorption characteristics was studied in batch experiments. Kazemi et al. (2016) was studied Cerastoderma lamarcki shell to remove malachite green (MG) from aqueous solution. The influence of pH, temperature, reaction time, amount and size of adsorbent on the dye adsorption was investigated. They used the Taguchi design to find out the influencing optimization conditions. Factors such as pH, initial concentration of dye, amount of adsorbent, time, and temperature influence adsorption. In classical methods, experiments are performed by systematically varying the studied factor while keeping the others constant, and thereby determining the optimum conditions (Bingöl and Karayünlü 2012).
Statistical methods of experimental design such as factorial design techniques can be used in all research and development activities, having the advantages of improving quality, reducing costs, and increasing the reliability of results (Turan et al. 2011) . Factorial design analysis have been applied to different sorption systems because factorial design is used to reduce the total number of experiments required compared with conventional methods and to provide the best optimization system (Pavan et al. 2007 ). The relationships between the different factors and the optimum results can be calculated using a factorial design. The basic experimental design is a two-level full factorial, in which each factor is investigated at only two levels. This is also referred to as a 2 k design, where k denotes the number of factors being investigated. The two levels of the factors are denoted as −1 (low level) and +1 (high level) (Özbay et al. 2013 ).
This work is presented the first application of the use of Anadara Inaequivalvis shells as a biosorbent. Also to diminish the large amounts of Anadara Inaequivalvis shells wastes. The maximum removal efficiency of methylene blue on Anadara Inaequivalvis shells powder was found % 90.46 when the pH value was 8, at 1.5 mg biosorbents with 100 mg/L methylene blue concentration from aqueous sample were evaluated using a factorial design. This method allows results to be achieved easily, quickly, inexpensively, and in an environmentally friendly way.
Material and Methods

Biosorbent
Anadara inaequivalvis Shells, which are widely available on the coast of the Black Sea, collected from Beşikdüzü (Trabzon, Turkey). The shells were washed tap water, brushed to eliminate any attached contaminants, washed again with de-ionized water, and then dried at 100 °C for 24 h. The clean and dry seashells were crushed into smaller pieces, then ground and sieved to 250 µm. An analytical grinding mill (Model A10, IKA, Germany) was used to grind the seashells and sieved to using a nylon sieve. The biosorbent powder was stored in airtight acid washed Polyethylene containers at room conditions.
Methylene Blue
The MB was purchased from Merck, Germany. A stock solution of 500 mg/L MB was prepared and the working solutions were obtained by diluting the stock solution with de-ionized water. The maximum absorption wavelength of this dye is 665 nm. 57
Characterization of Seashell Powder
Fourier transforms infrared (FT-IR) analysis for recording the surface functional groups of the raw seashell powders were recorded using an ATR Bruker-Tensor 27 spectrometer (Bruker, Bremen, Germany).
The surface area (S BET ) was calculated using the BrunauerEmmett-Teller (BET) equation with Micrometric, ASAP 2020 apparatus.
The X-Ray analysis was done in the 2θ range from 10 to 80 (accumulation rate of 0.02 min -1
). The X-ray diffraction (XRD) crystallographic analysis was performed using a Rigaku Miniflex II diffractometer ( Japan).
Biosorption Experiments
All experiments were conducted in 50 mL Erlenmeyer flasks using 25 mL of MB solution. The flasks were placed in a thermo-controlled water bath and shaken for 15 min. The shaking speed was 120 times/ min. pH adjustments of solutions were performed with 0.1 M NaOH and 0.1 M HCl using a Hanna pH 211 Microprocessor pH meter that was calibrated using NBS buffers before each measurement. After reaching equilibrium, dye concentrations in the supernatant solutions were measured (diluted if necessary) at 665 nm, which is the wavelength of maximum absorption of MB dye solution. Dye concentrations were measured using a PG INST. T80+ ultraviolet-visible wavelength spectrophotometer. The percentage removal of adsorbent was calculated from the following equation:
where %R is the percentage removal of MB, and C 0 and Ce are the initial and equilibrium concentrations of MB in the solution (mg/L), respectively.
For the 2 3 experimental design, the high (+1) and low levels (−1) of the three independent factors are listed in Table 1 . Appropriate choices of high-and low-level values for the factors were determined during previous experiments.
For creating the 2 3 full factorial design table and for analyzing the results MINITAB 15 statistical software was used. %R was identified as the average value of results of two parallel experiments. The order in which the experiments were carried out was randomized to avoid systematic errors.
Results and Discussion
Characterization of Anadara Inaequivalvis Shell Powder
The sample XRD peaks indicated the aragonite form. XRD shell powder analysis confirmed that the mineral component was calcium carbonate in the aragonite (orthorhombic) form (Figure 1 ). XRD data are good agreement with litature aragonite form of inorganic calcium carbonate aragonite form. 
Analysis of Variance
The statistical parameters were determined by analysis of variance (ANOVA). Interactions between independent factors and the quality of model fitness were performed by ANOVA based on a P-value with a greater than 95% confidence level (Hines and Montegomery 1990). Table 2 shows the main and two-and three-way interaction effects, coefficients of the model (Coeff.), standard error (SE) coefficients, Students' test values (t), and probability (P) results for the adsorbents.
The significance of each coefficient was determined by the P-values. pH, initial dye concentration and pH*initial dye concentration effects were significant at a 5% probability level (P < 0.05). Furthermore, adjusted regression coefficient R-Sq(adj) value of 99.35% was obtained, which indicates the measure of goodness of fit of the model to the experiment data (Tizi et al. 2013) . The model equations for MB removal by novel biosorbent are %R= 72.41+12.11A+7.40C-11.63AC
The BET surface area and the total pore volume of the Anadara inaequivalvis shell powder (250 µm grain size) were found to be 1.821 m 2 /g and 0,007057 cm 3 /g respectively. The seashell powder had a heterogeneous surface and the average pore width was 22 nm. The heterogeneous pores and cavities provided a high biosorption of MB.
Functional groups of the Anadara inaequivalvis shell were ensured by FTIR measurement. The spectral data obtained for the sample revealed broad absorption peaks at 1786, 1455, 1082, 855, and 707 cm −1 , which are common characteristic features of the carbonate ions in calcium carbonate and the fundamental modes of vibration for this molecule. The peak at 1077 cm -1 was only observed in the aragonite spectrum of calcium carbonate (Kamba et al. 2013) . The characteristic bands of pure aragonite are situated at 709, 852, 1079, 1478 and 1798 cm -1 . As can be seen from Figure 2 , aragonite crystalline forms of calcium carbonate are present in the shell structure.
Full Factorial Design
The main effects, the pareto plot, interaction plot, surface plot and variance analysis of experiments were evaluated to define the optimum conditions and the effects of the 
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main effect is present when the mean response changes across the levels of a factor. Figure 3 show that pH has a positive effect on the percentage removal of dye for biosorbent: high pH of the dye solutions give high dye percentage removal. Initial dye concentration shows: a high level of initial dye concentration give a high dye percentage removal by seashell powder. Hence, it can be concluded that pH and initial dye concentration highly effect the removal of MB on novel seashell powder, whereas biosorbent amount has minor effect.
Interaction Effects of Factors
The interaction plots show the important interactions for dye percentage removal; these plots are used to understand the importance of different interactions on biosorbent to determine the working conditions. It can be seen in Figure  4 . For each combination of factors, MINITAB plots the response and connects the points for the low and high level of the factor plotted on the x-axis. A change in the response of a factor from a low to high level depending on the level of a second factor indicates that the interaction is effective when the lines do not run parallel (Mathialagan and Viraraghavan 2005) . The pH-initial dye concentration interaction is significant for biosorbent the other interactions are not significant. The lines of pH-biosorbent amount are parallel lines which signified not significant interaction and biosorbent amount-initial dye concentration lines are conflict parallel lines so the effects of this interaction is slightly more significant than pH-biosorbent interaction. The high percentage removal of the methylene blue on Anadara Inaequivalvis shells powder was found % 90.46 when the pH value was 8, at 1.5 mg biosorbents with 100 mg/L methylene blue concentration.
Main Effects of Each Factor
The main effects of the three factors on percentage removal of the MB from solution on biosorbent with a change in the level of the factor are shown in Figure 3 . The sign of the main effect defines whether the effect is positive or negative on the outcome (Srinivasan and Viraraghavan 2010). A The effects that are above the dotted line are statistically significant and the effects that are below the dotted line are not statistically significant at this confidence level. It is evident that pH (A), initial dye concentration (C) and their interection (AC) effects are statistically significant at 95% confidence level on dye removal in this biosorption process ( Figure 5 ).
Pareto Charts
Pareto chart is a visual representation of the effects which is used to compare the relative magnitude and the statistical significance of the effects of the single and interaction factors on the removal of dye from solution (Mathialagan and Viraraghavan 2005) . The Student's t-test was applied to determine whether the calculated effects are significantly different from 0. The horizontal columns in the pareto chart indicate these values for each effect, while the dotted line 
